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seven days if the steels are to be used directly after simple forging of the sepa-
rate bars, eight days if the steels are destined for subsequent piling in fagots
and forging, nine to eleven days, according to the degree of carburization it
is desired to reach, if for steels intended to be melted in crucibles.

But even when always using the same materials, inevitable variations in
the temperature of the furnace render necessary direct control of the carbur-
ization, so as to be able to interrupt the operation at the proper moment.
For this control, the trial bars or spies are often placed in the cementation
boxes in such a way that they can be removed during the operation. When
it is judged that the cementation is reaching its end, one of the trial bars is
removed, quickly closing up the hole with refractory luting material. The
examination of the surface of fracture of the bar, broken either after slow
cooling or after tempering, preceded or not by forging, permits of judging
with some approximation the time during which the heating must be contin-
ued to obtain the desired degree of carburization.1 To the examination of
the fracture, which necessarily gives imperfect results, is sometimes added a
quantitative determination of the carbon in a sample of the metal taken
from the external layers of the bar. Results just as rapid, but far more accu-
rate and complete, can be obtained by subjecting to microscopic examination
, a plane transverse section of the bar allowed to cool slowly. This micro-
scopic examination can be carried out in less than ten minutes, not requiring
a complete polishing of the section, and it furnishes directly data of the high-
est accuracy, both as to the depth the carburization has attained, the maxi-
mum concentration reached by the carbon in the bars, and the distribution
of the carbon in the mass or its concentration in the various layers of the iron.
This last datum is of great importance when the cemented bars are to be used
directly, without undergoing such subsequent treatment (e.g., fusion) as is
capable of making the concentration of the carbon homogeneous. This
knowledge is, in any case, most useful in judging whether it is necessary to
change the temperature of the furnace toward the end of the operation.

The reason this test is not usually made is the quite widely diffused, but
erroneous, belief that a micrographic examination requires a costly equip-
ment. Such a supposition is entirely unfounded, for the apparatus and the
adjuncts necessary to effect a micrographic control of the cementation cer-
tainly do not cost more than two or three hundred lire (forty or sixty dollars),
and the work of control can be carried out by the workman supervising the
furnace, to whom the necessary instructions can be given.

The further duration of the heating is regulated on the basis of the results
of the examination of the trial bars, taking into account the fact that after
the fires are extinguished a considerable time is necessary before the tempera-

1 It is not possible to describe the structures of the spies characteristic of the various
stages of the cementation. Only long experience can give skill in recognizing, by examina-
tion of their surfaces of fracture, the stage reached by the cementation.